■ ■ KEY POINTS
The new guidelines still recommend starting screening with cytologic (Papanicolaou) testing at age 21, but now recommend repeating the test less often, ie, every 3 years rather than every 2 years for women age 21 to 29.
Women age 30 and older who are screened by combined cytologic and HPV testing should be rescreened every 5 years if both tests are negative (instead of every 3 years, as previously recommended). Alternatively, they can be screened by cytology alone every 3 years.
We can stop screening women at age 65 if they have had adequate screening until then and no history of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) in the past 20 years. Once screening is discontinued, it should not resume, even if the patient has a new sexual partner.
Screening should not change after HPV vaccination.
When women have negative cytology but positive HPV results, tests for the HPV 16 and 18 genotypes can help to identify those at higher risk of developing CIN2+.
A dvances in our understanding of the pathogenesis of cervical cancer, new tests for human papillomavirus (HPV), and the development of HPV vaccines in the last decade are transforming the way we screen for cervical cancer.
As a result, screening guidelines are evolving rapidly, requiring clinicians to keep up-todate with the evidence and rationales supporting the latest guidelines to properly convey best practices to patients. [1] [2] [3] For example, we must understand why it is safe to extend the screening interval in women at low risk (as recommended in the new guidelines), and we need to be familiar with the options for women who test positive for HPV. Patients and providers may often find such new recommendations frustrating, and patients may feel that they are being denied something necessary by insurers rather than being treated according to scientific evidence. This article will review the newest screening guidelines and the evidence supporting these recommendations for primary care providers. We will also review the potential role of novel biomarkers, newer HPV tests, and possible future strategies for cervical cancer screening. 4 The following discussion highlights the consensus recommendations from these organizations (TABLE 1) .
These guidelines apply to the general population only. They do not apply to women at high risk who may require more intensive screening, such as those who have a history of cervical cancer, are immunocompromised (eg, positive for human immunodeficiency virus [HIV]), or were exposed in utero to diethylstilbestrol.
Start screening at age 21
According to the new guidelines, women younger than 21 years should not be screened, regardless of the age at which they start having sex. [1] [2] [3] This is a change from the 2002 and 2003 ACS recommendations, which said screening should begin 3 years after the onset of vaginal intercourse. 5, 6 Evidence. The rationale for the recommendation not to screen before age 21 stems from two pieces of evidence:
• Invasive cervical cancer is rare in this age group.
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• Screening can cause harm. For example, unnecessary treatment of preinvasive lesions can lead to long-term complications such as cervical stenosis, preterm delivery, and preterm premature rupture of membranes. 8, 9 Additionally, one study found that screening before age 21 has little or no impact on the incidence of invasive cervical cancer. testing to every 3 years in women age 21 to 29. Previous recommendations from these groups were to screen every 2 years, and the USP-STF first recommended the 3-year interval in 2003. 11 For women age 30 to 65, the ACS/ASCCP/ ASCP, ACOG, and the USPSTF now recommend screening every 5 years if the patient's results on combined cytology and HPV testing are negative. However, cytologic testing alone every 3 years is also acceptable. [2] [3] [4] Evidence. The evidence supporting a 3-year screening interval in women age 21 to 29 is primarily from modeling studies-no randomized clinical trial has been done. These studies found no significant difference in outcomes with a 2-year vs a 3-year screening interval. 12, 13 In particular, the predicted lifetime risk of cervical cancer in women screened every 3 years was 5 to 8 new cases of cancer per 1,000 women, compared with 4 to 6 cases per 1,000 women screened every 2 years. 14 Similarly, screening women younger than age 30 at 2-year or 3-year intervals carried the same predicted lifetime risk of death from cervical cancer of 0.05 per 1,000 women, yet women screened every 2 years underwent 40% more colposcopies than those screened every 3 years. 2 Therefore, screening every 3 years offers the best balance of benefits and risks in this age group.
Adding HPV testing to cytologic testing increases the sensitivity of screening-thus the recommendation to lengthen the screening interval to every 5 years in women age 30 to 65 who are at low risk and who have negative results on both tests. (Previously, the interval was 3 years.)
Specifically, adding HPV testing improves the sensitivity of screening for cervical intraepithelial neoplasia grade 3 (CIN3), so that, in subsequent rounds of screening, fewer cases of CIN3 or worse (CIN3+) or cancer are detected. [15] [16] [17] The longer diagnostic lead time with combined testing is associated with a lower risk of CIN3+ or cancer following a double-negative test result than screening with cytology alone at shorter intervals. Combined testing at 5-year intervals is associated with a similar or lower cancer risk than cytology-alone screening at 3-year intervals. 9 Moreover, modeling studies have shown Advances have transformed the way we screen for cervical cancer JIN ANd COllEAguES that combined testing of women age 30 and older at 5-year intervals leads to fewer colposcopies and a similar or lower cancer risk than with cytology screening at 3-year intervals. 18, 19 A stronger endorsement for HPV testing Combined cytologic and HPV testing has received its strongest endorsement to date from the ACS/ASCCP/ASCP, ACOG, and USP-STF in their latest guidelines. [2] [3] [4] In 2003, ACOG gave HPV and cytology combined testing an "optional" recommendation for women over age 30; in 2009, it upgraded its recommendation to the highest level of recommendation. 1 At that time, the USPSTF did not recommend for or against HPV testing, while the ACS did recommend HPV testing (with cytology testing alone ev- Now, the ACS/ASCCP/ASCP and ACOG recommend HPV and cytology combined testing as the preferred strategy for screening women age 30 or over. 2, 4 Similarly, the USPSTF gives combined testing for women age 30 to 65 a grade A (its highest) recommendation. 3 (In 2003, it had given it a grade I-insufficient evidence to assess the balance of benefit and harm.)
Evidence. Several recent studies provide compelling evidence that HPV testing has high sensitivity and excellent negative predictive value, supporting the stronger endorsement of HPV testing and longer screening intervals.
The Joint European Cohort study, 20 in 24,295 women, conclusively showed that the 6-year risk of CIN3+ following a negative HPV test was significantly lower than that following a negative cytology result alone (0.27% vs 0.97%).
Katki et al, 21 in another retrospective study, analyzed data from 330,000 women age 30 and older who underwent combined HPV and cytology testing. Looking at the tests separately, they found the risk of CIN3+ was comparable in the 3 years following a negative cytology test by itself and in the 5 years following negative combined HPV and cytology testing. In fact, combined testing at 5-or 6-year intervals offered better protection than cytology alone at 3-year intervals.
Furthermore, combined testing is also more sensitive for detecting cervical adenocarcinoma. 22 in a modeling study performed for the USP-STF, calculated that continuing to screen until age 90 prevents only 1.6 cancer cases and 0.5 cancer deaths and extends life expectancy by only 1 year per 1,000 women. Other studies also suggest that newly acquired high-risk HPV infection in women age 65 or older is associated with a very low absolute risk of HPV persistence and CIN3+ progression. 25, 26 In addition, cervical cancer takes a median of 20 to 25 years to develop after infection with high-risk HPV. 2 Also, continuing to screen this older population will detect only a very small number of new cases of CIN2+ and may lead to harm from overtreatment.
Finally, postmenopausal women often have smaller and less accessible cervical transformation zones that may require more interventions to obtain adequate samples and to treat.
Stop screening after hysterectomy
The ACS/ASCCP/ASCP group, ACOG, and the USPSTF reaffirmed their recommendation against screening in women who have had a hysterectomy with removal of the cervix for a reason other than cancer and who have had no history of CIN2+ or cervical cancer.
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Evidence. Several lines of evidence suggest stopping screening after a woman has a hysterectomy. The incidence of vaginal cancer is extremely low, 27 and the positive predictive value of cytologic testing of the vaginal cuff for vaginal cancer was zero in one study. 28 Also, a large cross-sectional study of Furthermore, many women are vaccinated who are already infected. In addition, as of 2010, only about 32% of eligible girls and women in the United States had received all three recommended doses of the vaccine. 31 And modeling studies predict that the impact of the HPV vaccine will not be apparent for at least another decade.
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HPV 16/18 genotyping
The ACS/ASCCP/ASCP and ACOG now recommend HPV 16/18 genotyping as a triage option in women who have positive results on HPV testing but negative cytology results, and immediate referral for colposcopy if the genotyping test is positive. 2 The alternative option in this situation is to repeat combined HPV and cytologic testing in 12 months. 2, 33 Evidence. The standard tests for HPV can detect DNA from about a dozen of the oncogenic types of HPV depending on the test, but they do not tell you which one the patient has. This information may be relevant, since not all "high-risk" HPV types are equally bad. HPV 16 and HPV 18 are the worst of all, together accounting for more than 70% of cases of cervical cancer.
Large cohort studies 34, 35 have shown that the risk of CIN3 reaches 10% over 1 to 4 years in women who test positive for HPV 16, and over 2 to 5 years if they test positive for HPV 18. This clinically relevant short-term risk supports immediate referral for colposcopy.
In March 2009, the US Food and Drug Administration (FDA) approved a test for HPV 16 and HPV 18-Cervista HPV 16/18 (Hologic, Bedford, MA). 36 More recently, researchers from the Addressing the Need for Advanced HPV Diagnostics (ATHENA) trial, 37 in 47,208 women, reported that they found CIN2+ in 11.4% of women who tested positive for either HPV 16 or HPV 18, and CIN3+ in 9.8%. Of those who were positive for HPV 16, 13.6% had CIN2+ and 11.7% had CIN3+.
■ WHAT'S COMING?
As we gain knowledge of the molecular oncogenesis of cervical cancer, we appreciate more the complex relation between HPV oncoproteins and cervical dysplasia. Recent studies demonstrated the clinical utility of detecting novel markers in women who have positive HPV results. 38, 39 At present, however, there is insufficient evidence to integrate these strategies into our standard of care for cervical cancer screening.
Novel biomarkers: p16 and Ki-67
Although HPV testing is sensitive, it has poor specificity and positive predictive value. 40, 41 In a primary screening setting, women with normal cytology results who test positive for highrisk HPV may carry a risk of only 3% to 7% for high-grade CIN. 42, 43 HPV 16/18 genotyping can be useful in this situation (see above). However, not everyone who carries HPV 16 or 18 goes on to develop CIN or cancer. 44 A novel biomarker, p16, has been shown to be overexpressed in cervical dysplasia and associated with high-risk HPV oncogenic transformation. Another novel marker, Ki-67, can be regarded as a surrogate marker of deregulated cell proliferation (FIGURE 1). 38 A recent study reported that a combined test for both of these markers (dual-stained cytology) had a sensitivity of 91.9% for detecting CIN2+ and 96.4% for CIN3+. This test was also highly specific: 82.1% for CIN2+ and 76.9% for CIN3+. 38 An Italian randomized trial reported that p16 immunostaining improved the specificity of HPV testing in detecting CIN2+. 45 In addition, the European Equivocal or Mildly Abnormal Papanicolaou Cytology Study 46 found that the dual-stained cytology A US study also showed that the sensitivity and specificity to detect CIN3+ by using p16/Ki-67 were 97.2% and 60%, respectively, in women age 30 and older. 47 If confirmed in more studies, p16/Ki-67 dual staining could help us in deciding which women who have positive HPV but negative cytology results should be referred for colposcopy.
HPV oncogene E6/E7 mRNA testing
In October 2011, the FDA approved the clinical use of a new-generation HPV test, the Aptima HPV assay (Hologic Gen-Probe, San Diego, CA), which detects mRNA for the proteins E6 and E7 from high-risk HPV. 39 HPV E6/E7 mRNA expression has been found in virtually all HPV-positive cancer cases and demonstrates a stronger correlation with cervical disease than detection of HPV DNA. 48 High-risk HPV E6 and E7 proteins immortalize and malignantly transform infected cells by inhibiting two host cellular anticancer proteins, p53 and retinoblastoma protein (pRB). 44, 49 The recent FDA approval was based on data from the CLEAR (Clinical Evaluation of Aptima HPV RNA) trial. 39 In this trial, in more than 11,000 women, the test was as sensitive for detecting CIN2+ as the HPV DNAbased test, and it was more specific. This advantage was statistically significant. The higher specificity may reduce the number of unnecessary colposcopies and allow for more effective management. 50, 51 A promising future screening strategy: HPV testing first, then cytology HPV testing is more sensitive than cytology, while cytology is more specific. Thus, it would be logical to test for HPV first, and then to perform cytologic testing in patients who have positive results on HPV testing.
In the past 5 years, several large randomized clinical trials within national screening programs in Italy, England, Sweden, and the Netherlands examined the value of a primary HPV-based screening strategy. [15] [16] [17] 52 These studies confirmed the superior sensitivity of HPV testing for detection of CIN2+.
A large Canadian randomized trial 53 compared HPV testing and cytologic testing as screening tests in women age 30 to 69. HPV DNA testing was 94.6% sensitive in detecting CIN2 or CIN3, compared with 55.4% for cytology. The specificity of HPV testing was nearly as high as that of cytology, 94.1% vs 96.8%. Furthermore, HPV testing followed (in those positive for HPV) by cytology resulted in a lower referral rate for colposcopy than did either test alone (1.1% vs 2.9% with cytology alone or 6.1% with HPV testing alone).
More randomized trial data are needed to evaluate the validity of this promising new approach in varied populations. The HPV FOCAL trial is comparing HPV-then-cytology testing vs cytology-then (in women with ASCUS)-HPV testing. 54 In addition, the aforementioned novel biomarkers for HPV oncogenic activity may eventually play a greater role in primary screening.
With the latest evidence-based screening guidelines, we can implement a more 
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sensitive and effective screening strategy for better prevention and early detection of cervical cancer. Newer cutting-edge molecular technologies appear promising; however, their cost-effectiveness needs to be further evaluated.
■ A MORAL AND ETHICAL RESPONSIBILITY
Our unscreened and underscreened populations carry a higher burden of cervical cancer and of death from cervical cancer. Identifying and reaching out to these women is our moral and ethical responsibility and yet poses the biggest challenge in screening. Arguably, this could have the most significant impact on rates of death from cervical cancer. Innovative measures in overcoming healthcare barriers and in making testing cheaper will help to close the gap between well-screened and underscreened populations in the United States and globally. Examples would be a low-cost, point-of-care screening test for the general population, and a government-subsidized global vaccination program. It is entirely conceivable that women will no longer die from cervical cancer in the near future, thanks to global effective screening and preventive efforts through widespread HPV vaccination.
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